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INTRODUCTION

Reported here are the results of fire pit tests of several advanced
versions of Nomex and PBI (Polybenzimidazole) known for their fire resistance.
These materials are designed to improve the lot of service petrsonnel ino
overcoming the daagers of fire.

MATERIALS

The four materials and the number of each tested were as follows: 1)
Nomex, Solution-dyed, Sage Green, three suits; 2) Nomex Super Flame Retardant,
Tan, three suits; 3) 20% PBI, 80X Nouwex Super Flame Retardant, Sage Green,
three guits and 4) A Super Flame Retardaut Nowex version of the Battle Dress’

Uniform (BDU) with the camouflage print, four suits.

At the NAVAIRDEVCEN facility, test specimens ave assigned an

identification number which is couposed as {ollows:

S digits for material identification

4 digits for the Julian Date

1 digit for the year

3 digies fov the serial nuymbey of the day

3 digits, a serial nvaber assignad Lo the test
The four waterials descuibed above are enceded as follows:

NXSLD Nowex, solutiou- dved, Sage Green

NXSFR Nowmex super flame~vetavdant, Tan

PNSFR PBi~Nomex, super flame-retavdant

HNXCAM DNomex super flame-retardant, Caacuflage

HETHOD

- The procedurés arve designed to simulate escape from fuel Fires that wight
cccur in combat that would result fivoa the rupture and igniiion of fuel cells.

It is esticsted that such a situation may require a few seconds and this test
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provided exposures of 3 and 4 seconds. Three asgsemblies of each of the four
types of materials were tested at 3 seconds, the last camouflage assembly was

tested at 4 seconds. The test procedures are described in detail in Ref. 1.

In the test, a fiber glass manikin (the departmeat store type) was
dressed with the clothing assembly. The dressed maunikin was suspended uader
the arms by two hooks attached to the arm of a rotating jib cranc. The path
of the crane arm and the manikin during rotation took it over the fire pit for

the exposure.

The fire pit is an open concrete basin weasuriag 25' x 20' and 8 inches
deep. During testing it 1$ filled with water. The surface of the water
filled basin is provided with a grid, wade of aluminum angle which divides the
surface into 20 cells. A plumbing network at the bottom of the basin provides
fuel to nozzles in the center of each of the cells., Fuel is pumped from
supply tanks to each of the 20 nozzles and floated on the surface bafore
tgnition. Ignition is provided by four igniters located at each of the four
corners of the pit. An air~propane mixtuve s ignited by spark plugs and the
flames ave directed toward the JP~4 fuel that is now on the surtace of the

The facility ts diageammed in ¥ig. 1 which shows the location of the
crane with respect to the fite pit. The velocity of the crane csn be adjusted

so that the sanikin s in the flames for the required azouat of tiwe.

Operations take place behind au 8' high concrete block wsll that is set
back 3 feet aiong onc side of the pit. The eatfire pit area is enclosed by a

. cortugated steel feace which is located about 20' from the edge of the pit on

>
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all sides. Heat from the burning fuel is such that the feance is too hot to

touch during burning.

Two video camerac are set to view the manikin as it comes over the edge
‘of the pit out of tha flames. The locations of these cameras are showe in
Pigure 1. One has a wide angle lens, about 20 mm, and the other has a longer
focal length so that the manikin image can fill the field. A third hand-held
video camera is located on the operations aide of the block wail. This camera
views the wanikin as it rounds the wall and passes out of view éf the fixed
cameras. These cameras provide a record of any burning of the assembly as it
passes out of the flames and any after flawming that way occur. A fourth
camera was placed on top of the fence to view the developmeat of the fire

after ignition. It is counected to a monitor that is bahind the block wall.

A ca}orima:erl'uhieh weasures the heat flux is mounted at the wanikin's
waist. It is planned to provide several wore calorimeters in the future so
‘that a move accurate estimate can be obtaiuned of the heat flux experienced by
the manikin. The calovimeter wss read out on a willivolt recorder and the

trace was integrated to obtain heat £lux.

Paper tempevature sensors mounted on leather patches were placed at 26
locaéicne on the manfkin to determine the tesperature risc at the surface: 1O
oa che-eorao, 8 oo the aras aud 8 on the legs. The seusore are silver and ave
warked with a tewmperature at which they will change c. .or turaiag bleack. F¥For
these tosts, the critical tewperature wvas 2500 F acd they wete evaluated for

surface area sccordiug to the allocation of Hardy(l). as shown fa Figuve 2.

xﬁf—C&L Engineering, Santa Fe Springs, CA
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PROCEDURE

Procedures can be derived from the description above. The manikin was
sensored (paper sensors), then dressed in summer underwear (trunks and T
shirt) and the test garment. Still photographs were taken and the manikin was
placed on the crane arm and positioned. ' Cameras were adjusted for the day's
testing, fuel was pumped into the pit and allowed to spread on the auéface for
about 10 sec., the ignition was activated and the fire was allowed to develop.
Near maximum fire intensity the flux meter recorder and crane rotation were
started. The crane controller had been previously set to give the correct
exposure time of the manikin in the flames. The crane continued rotating
until the manikin was over the distal edge of the pit at which time the
controller was turned off. After the crane came to a stop, the manikin was
removed for still photographs and examination of the temperature sensors. Any
activated sensors were recorded and then replaced in preparation for another
test.

Three still color photographs of front, back and side views were taken of
each garment asseubly before and after the exposure.

RESULTS

The first garmeant to be tested, the Solution-dyed Nomex, is identified

as follows:

NXSLD 7176 448

NXSLD 7176 452

NXSLD 7182 456
Figures 3, 4, and 5 show this flight suit before the exposure imn fromt, back
and side views. The still photographs taken after the exposure ave shown in

Figures 6, 7, and 8, front, back, and side views. These pictures show that

there had been considerable shrinkage particularly in the legs.
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Four to six inches of sock was showing above the boots, whereas before the
test, the cuffs of the sulc trousers were touching the boots. The ample amount
of material that formed an irregular bubble in the back and wrinkles In the
legs before burning had disappeared and the suit fit tightly after the test.
The video tapes showed low, short purplish flames at the manikin's back during
two of the tests (448 snd 456), bat they had disappeared by the time the
manikin was over the edge of the pit. Alsc there was considerable smoking

from the garmeat.

The surface of the manikin was evaluated according to the scheme of

Hardy (2) in which body surface is allocated as follows:

Head 7% Torso 35%
Hands 5% Arms 14%
Feet 7% Legs 32X

However, in these tests only the torso, arms, and legs were evaluated (total

of 81%Z). The allocation of sensors is shown in Table I.

Table I. Allocation of Seusors by Body Region

Body Reglon Zof Total Number of % of Body Surface

Body Surface Sensors per sengor
Torsao 35%, 10 3.5%
Arms 154 8 1.75%
Legs 32% 8 4.0%

Table 1I gives the percentage of surface burned for each region aud the

Ytotal body burned'(Total B.B.).

Two suits from which heat flux wmeasurments are avallable show that they
experienced botter fires than any of the other suits in the 3 second tests.
1t is not possible to adequately explain these differences except to say that

they veflect the limitations of our capability te wonitor the fire.

e A o - P o
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One flux meter is probably not enough considering the randomness with which
the fire burns. All three of the Solution-dyed Nomex suits were above 40% for

total body burned averaging 43.75%.

The second garment to be tested, the Super-flame retardant Nomex, is

identified as follows:

NXSFR 7176 449

NXSFR 7176 453

NXSFR 7182 457
The photographs before the exposure are shown in Figures 9, 10, and 11, front,
back and side views. The still photographs after the exposure are shown in
Figures 12, 13 and 14. The results from the temperature sensors can be seen
in Table II. They show that these suits faired better than the previous
group, in that the average total body burned figure was well below 40% at
33.75%. No burning was observed at the exit from the flames. There was
shrinkage as shown in the Selution-dyed suits and in one test there was

aswall, 1 inch hole burmed through.

The PBI-Super flame retardant Nomex blend comprised the third garmeat to
be tested and is shown in Figures 15, 16 and 17, fromt, back and side views.
The photographs takem after the exposure are shown in Figuves 18, 19 and 20.
These photographs confirw shrinkage in the legs but not as wuch as in the
Solution~ dyed Nouwex. There still are souwe wrinkles in the suit. These suits
are identified as follows im Table II:

PNSFR 7176 450
PNSFR 7182 454
PNSFR 7182 4358
Table II shows that the PBI-Nowex blend is a slight fmprovement over the

Super-flame retardsnt nNomex, showing total body burned of 32.42%. There was

B e e e o et oy 2o 2es 2rt see s sma 3 T
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no flaming seen in tapes from the two fixed cameras; there was smoke and

comparatively less shrinkage shown on the video.

The last garment to be tested was made of Super flame retardant Nomex

Camouflage identified as follows:

NXCAM 7176 451 .

NXCAM 7182 455

NXCAM 7182 459
and is shown in Figures 21, 22 and 23, fromt, back and side views. The
photographs after the exposure are shown in Figures 24, 25 and 26. These
photographs show that the Nomex camocuflage appeared to be little affected by
the exposure in spite of the fact that the camouflage print tends to obscure
gross shrinkage. No flaming was seen in any of the 3 second exposures of this
specimen. There was smoke and some shrinkage. The temperature effects are
shown in Table 1I. Of the four types tested: NXCAM averaged the smallest
percentage burns in torso and legs, while for the arms the percentage was
intermediate awoug all four types. Overall the average NXCAM total percentage
body burned was lowest, 29,92%Z. The worst case result is shown in Figures 27
and 28. This was NXCAM 7182 455 that had 45.5% body burned. Theré is wore
uniform shrinkage and wore discoloration of areas in Fig 28, back view,
wanikin's left, that shows sowe general heating effects, a brownish

discoloration covering the wanikin's left torso, left buttocks and left leg. .

At the outset of this 3 second series, it was decided to test zn
additional guit at four seconds of the type which resulted ia the least
percent body burued at three second tests. The winner was the Nowmex Camou-
flage and the results of this test are shown in Piguves 29, 30 and 31 for

froat, back and side views. There was some burning as described above in the

10
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Solution~dyed Nomex but no after~flaming. At 9-OSCal/cm2 this was the

greatest burn as expected.
DISCUSSION

The fuel fire is a source of radigtive and convective heat which is the
threat against which clothing is meant to protect. However, the question
raised in these tests is whether the body burns observed are a good measure of
the protective qualities of the material from which the garment was
fabricated. Exaumination of the analysis of body regions in Table II,. the
torso with the largest body surface area, 32%, is burned less frequently and
less intensely when compared to the arms and legs. In fact, the legs receive
the greatest amount of burns. The question arises as to whether torso and
legs, for instance, receive systematle differences of radiative and convective
heating. With the legs, there is the possibility that heat may rise up the
trouger leg by convection and cause a more intense burm, something which would
not occur with the torso. If this were to happen, the observations of burns
for the legs would be partially due to vadiation and also to convection
because of the coustruction of the trousers being open at the bottom and
allowing heat to rise.

Table III. Comparison of the Average Pexcentage Legs and

and Total Body Burned.
Legs {32%) Total Body Burned (81%) Legs/Total x 100

NXSLD 282 3 sec 43.75% 64%
NXSFR 223 " 33.75% - 65%
PNSFR 21 - 32.42% 64%
NXCAN 200 " 29.92% 66%
NXCAN 32% 4 gec 42.50% ) 75%

An argumeént can be wade for this point of view in Table III above. Here

the average percentage burned for the legs is tabulated with the total body

burned from Table III, where 32% is maxicum for the legs and 81% maximum for
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the total body. This analysis shows that total body bhurned varies directly
with the average percentage burned for the legs. Leg percentages start with
NXCAM at 20%Z and increase through NXSLD at 28% (+8%), while the respective
total body burned percentages start at 29.92% and increase to 43.752
(+13.83%). The percentage contribu:-4 to the total is relatively constant at

65% for the 3 second tests, shown in the last column of Table III.

With the 4 second test, the percentage goes to 75%. So it would appear
that trouser legs can create their own convection configuration, increasing
heat to the legs. This tendency is also presgsent with sleeves and the result
is that open cuffs and sleeves give results worse than they would be 1if they
were cloged. Of course, the standard garments worn in the Services do have
open cuffs and sleeves so their presence contributes some realism to the
gituvation. It would be intereating, however, to test a garment in the two
configurations with open and closed sleeves and cuffs as a means of
deternining differences in heating between the two couditions. Anticipating
the answer to the question, it would be well if garments could be designed and

fabricated, that would permit closed cuffs and sleeves while ou duty.

In consideration of the Nowmex Supev-five retardant camouflage waterial
one has to turn to the only visible difference between it and the Nomex Super-
fire retavdant waterial and that is the cawmcuflage print and its dye. The
question arises as to whether the dye confers fire resietance and the answer
from thege tests appears to be in the affirnative. Considering that the dye
is tightly bounded to the fiber and that heat must be absorbed &nd transmitted,
it ie an obstacle to the passage of heat. Further, there is a possibility
that accompanying the absorption of heat there may be a heat absorbing

reaction that would alter or decompose the dye in which case transmission of
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heat would further be inhibited. Simple sublimation in which heat would be
absorbed in changing the state of the dye from solid to gas could also occur.
This last hypothesis seems doubtful in these tests because the dye persisted
through the tests with little charge. Whether this speculation describes the
actual case would require additional information (on the dye) and perhaps

further tests.
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Figure 3. Froot view of the Solut ion~dyed tligh suit.
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Figure 5. Side viaw ol the Solution-dyed Edivht =nedt.




NADC-37179-60

SUPe.

Ry

%

Froat view uf the Soluf ion-dved Noses
Jesecond

ii;tﬁ’l' €




NADC-87179-60

Figure 7. Back vicw #f the Sstlutinndyed Nemex flight sufr after a
J-second expasure.
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Front view of the Super flame-resistant Nomex flight suit

a J~second exposure.

Figure 12.
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Back view of the
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Figure 1B, Front view of the PRI-Super flame-resistant Nomex YIlight suft
after a oecomd exposure.
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Figure 19.  Back viow of the Phi-Super {lame-reosintant Nosex fiight suir
after a J-secund esposvre.

- g [ . - R, - ~ . — . N . T N R
IR M TR WG T W I R, W i : W W Sy N




| !
! A
: “
| f
n.
4
¢
ol L
- ,
z ...
m..! W
“ Y
x -
’
; ;
! z :
)
ar 4
& “\
o ¢
P ;
*® \;
¥ ﬂ
da .ﬁx
E] g
3 ?)
o~
“
g K p;
By - #
= T w v
— "
~ £u ia v
% i3 Y
"3 1 i.K ¢
2 = % .
4 Gy % "\
»
¥ H
%5 '
W A
O ) m;.
D 4 .
- ~‘
3 ¥ 1Y
E-’] »
P »]
p-d ™ ¥
v @ ﬁ
- d
o tga Y
W/ @ f“
J
»
Ny

.
o)
14
» 4
- A
- "
o ]
3 i
P o
H e
o
y
by
b
h
o
L%
¥




-87176-00

RAD(




NADC-87179-60

PR —- -

Figure 22, Hack view of the Super flame~resistant Romes Camoud lapge light
suit.
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’ Figura 23, Side vies »f Flight
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Figure 24, Front viow of the Super §lame-resistant Nomex Camouflape Hi;:hi
suir afrer a J-gecond exposuie. ' ' '
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Fipure 25, Back view of the Super flame-vesistant bomex Cawouf lagn 1light
suit after a J-second oxposure.
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figure 26, Side view of the Super flama-resistant Nowex cvamouflage Llight
sult after a 3-gocond exposure,
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Figure 27. Front view of g second Super Vlame-cesisrant NONEX Camous Tage
f1{ght suit after a d=second exponure.
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Figure 28. Back view of a second Super flame-ronistant Nomex Camouf lape
flipght suit after a I-socond exposure.
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: Figure 29, Front view o the super e ~resistant Nomex Camoad Lige 1 ighy

auil aftet g A=second exposite.
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Figure 0. Back view 7 the Super flameeronintant Bopex Comenflage Tlight
suit after a d-servond expusuri.
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